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A^^RACT  (  U  ) 

The  general  theory,  operation  and.  design  of  several  existing:  barometric 
devices  are  reviewed.  The  devices  are  designed  to  operate  a  switch  upon  at¬ 
taining  a  preset  pressure.  Some  of  the  problems  that  confront  the  designer  of 
a  barometric  fu?;e  system,  are  presented.  Evaluation  of  tlie  accuracy  of  a  fuze 
system  is  given  by  means  of  an  examination  of  the  individual  parameters  which 
affect  its  operation.  In  addition,  an  extensive  bibliography  is  included  to  aid 
the  fuze  designer  or  the  user  of  barometric  devices  to  pursue  special  problems 

1.  INTRODUCTION 


The  purpose  of  this  paper  is  to  present  the  general  theory  an.d  operation 
of  a  barometric  fuze  system  and  to  show  results  by  referring  to  the  systems 
used  on  specific  missiles.  From  the  general  theory  it  can  be  seen  that  the 
various  factors  that  ihfluence  the  atmospheric-pressure  determinsition  may  be 
individually  considered.  By  this  means,  it  is  possible  to  understand  some  of 
the  difficulties  that  arise  in  the  design  of  a  barometric  system.  In  addition, 
the  sensitivity  of  the  system  to  meteorologic  variations  is  discussed. 

Although  the  work  has  general  application  to  barometric  devices,  par¬ 
ticular  emphasis  will  be  placed  on  barometric  fuze  systems  for  which  a 
single  precise  altitude  determination  is  desired,  for  altitudes  ranging 
between  sea  level  and  100,  000  ft,  and  for  vehicle  speeds  up  to  5000  fps. 

Even  within  these  limitations,  it  will  be  seen  that  the  design  of  a  barometric 
system  varies  with  different  missiles.  A  most  important  conclusion  of  this 
presentation  is  that  the  design  of  a  precision  barometric  system  must  include 
consideration  of  the  performance  of  the  instrument  and  vehicle  in  flight. 


A  review  of  the  general  theory  and  operation  of  a  barometric  fuze  system 
is  given  in  section  2.  The  action  of  the  constituent  components  and  the  vari¬ 
ous  factors  which  influence  the  fuze  performance  are  explained.  The  effect 
of  the  motion  of  a  vehicle  on  the  pressure  field  that  is  to  be  measured  is 
described  in  section  3.  This  disturbance  of  the  pressure  field  largely  in- 
Quences  the  type  of  probe  that  may  be  used  to  sense  the  atmospheric  pressure. 
Consequently,  a  discussion  of  the  various  forma  of  p,Tessure -sensing  ele¬ 
ments  that  are  used  is  presented  in  section  4  along  with  some  discussion  of 
the  parameters  that  influence  their  performance.  The  results  of  flight-test 
and  wind-tunnel  experimental  data  for  specific  barometric  devices  are  pre¬ 
sented.  In  section  5,  the  operation  of  several  designs  of  a  pressure  trans¬ 
ducer  and  plumbing  connecting  the  pressure-sensing  element  are  described. 

In  section  6,  the  wind-tunnel  simulation  of  flight  conditions  and  other 
laboratory  tests  used  in  the  research  and  development  of  a  barometric -fuze 
system  design  are  described  along  with  an  evaluation  of  the  application  of 
these  laboratory  procedures.  In  addition  to  the  instrumentation  accuracy, 
the  system  is  sensitive  to  meteorologic  variations.  A  discussion  of  meteoro¬ 
logic  variations  is  given  in  section  7.  Finally,  the  above  work  is  summa¬ 
rized  and  an  extensive  bibliography  is  provided  which  will  enable  the  fuze 
designer  or  user  of  barometric  devices  to  study  the  subject  in  greater  detail 
or  pursue  special  problems. 
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2.  GENERAL  THEORY 

A  barometric  device  consists  essentially  of  an  orifice  exposed  in  some 
manner  to  the  atmosphere  which  is  joined  by  tubing  to  instrumentation  cali¬ 
brated  to  determine  the  atmospheric  pressure.  The  barometric  devices  con¬ 
sidered  herein  are  those  in  which  a  vehicle  carries  the  device  through  the 
atmosphere  at  various  speeds  and  altitudes.  The  purpose  of  the  device  is  to 
indicate  altitude  or  to  perform  some  function  (such  as  close  a  switch)  upon 
attaining  a  preset  altibide,  \\diere  the  altitude  is  related  to  the  atmospheric 
pressure  through  the  hydrostatic-pressure  equation  or  a  predicted  altitude- 
pressure  relation.  Ideally,  the  motion  of  the  pressure-sensing  element 
through  the  atmosphere  causes  no  disturbance  of  the  fluid  and  thereby  has  no 
effect  on  the  atmospheric  pressure;  ideally,  the  calibrating  instrumentation 
is  instantaneous  and  completely  accurate.  The  accuracy  in  the  predicted 
altitude-pressure  relation  is,  of  course,  independent  of  the  accuracy  of  the 
barometer.  In  addition,  the  response  of  the  system  must  be  essentially  in¬ 
dependent  of  the  djmamics  of  the  vehicle  (such  as  changes  in  speed  or  in  the 
angle  of  incidence  between  the  vehicle  axis  and  flight  path),  the  mechanical 
vibration  generated  by  aerodjmamlc  forces  and  transmitted  through  the  vehicle 
structure,  the  aerodjmamlc  heating  of  the  vehicle  and  pressure-sensing 
element,  etc. 

The  above  effects  on  the  performance  of  a  barometric-fuze  system  as 
well  as  others  will  be  described  in  the  succeeding  sections.  Although  these 
effects  are  extremely  important,  they  do  not  alter  the  fundamental  operation 
of  a  barometric  system.  Consequently,  the  present  description  will  be  limited 
to  pressure-sensing  systems  subject  to  known  transient  pressures. 

The  transient  behavior  of  a  gas  pressure-sensing  system  is  described  in 
ref  1.  *  The  assumptions  in  the  theory  are  that  the  dead  time  (ratio  of  the  lengtli 
of  tube  to  the  speed  of  sound)  due  to  transportation  lag  in  the  transmission  of  a 
pressure  signal  may  be  neglected  and  the  volume  ratio  (the  ratio  of  the  tube  to 
reservoir  volume';i)  is  small.  As  a  result  of  these  two  assumptions,  the  volume 
flow  may  be  considered  uniform  along  the  tube  length  and  disturbances  occur 
simultaneously  throughout  the  system  with  varying  magnitudes.  Such  a  system 
is  called  a  lumped-constant  system. 

Assuming  small  adiabatic  pressure  changes,  the  relation  between  the 
reservoir  and  orifice  pressures  given  by  the  lun^d-constant  system  reduces 
to  a  second-order  differential  equation  with  constanit  coefflcionts.  These  coef¬ 
ficients  and  hence  the  principal  design  characteristics,  the  undamped  natural 
frequency  and  damping  ratio,  are  functions  only  of  the  tube  lengtli.  tube  diam¬ 
eter  and  the  reservoir  volume.  The  equations  given  for  the  undamped  natural 
frequency,  and  damping  ratio  t  are  as  follows; 

Wq  =  y  Jrr^  y  gRgT^/LV  and 
'£  =  (4M/p^r3)  1  VLgRgTo/Ti’  y.  where 


♦References  are  listed  in  the  bibliography. 

SECRET 

( ,  ci.vj.iT^ot  rfinuini  lntofm»tlc>n  aHtetlnf  tht  natloo*)  defant#  of  th#  withVi  too  rnotnira  of  th»  i  .lionsss  '3v."  i'  . 

1 1  ^  4-  .  /#!  ina  754.  Iti  or  th#  r«y#l»tlon  of  Its  eftntant*  In  iny  mannsr  th  \i';»utncr'rw  1>  hr  '«'y 


SECRET 


r  =  radius  of  tube,  ft 
L  =  length  of  tube,  ft 
V  =  volume  of  reservoir,  ft^ 
y  =  ratio  of  specific  heats,  dimensionless 
g  =  acceleration  of  gravltj',  ft/sec^ 

R  =  gas  constant,  ft-lb/(lb)  (“F) 

o 

Tq  =  initial  steady- state  absolute  temperature, 

2 

=  initial  steady -state  absolute  pressure,  Ib/ft 
fi  =  absolute  viscosity,  Ib-sec/ft^ 

The  change  in  the  reservoir  pressure  of  a  system,  p^,  due  to  a  pressure 
disturbance,  pj,  depends  on  the  value  of  the  damping  ratio  in  the  manner  shown 
by  the  following  equations: 

Case  I  (Underdamped)  0<  ?  <1 


=  1  -  ~ - 

Pd  i  1-^2 


^  COS  cVl  -  oIqI  -  tan 


-1 


Case  n  (Critical!.}'  damped)  ^  =  1 


=  1  -  e 


-o-'ot 


-  a-ote 


-a;ot 


Case  in  (Overdamped)  ^  >  1 


P 

c 

Pd 


=  1  -  6 


-  V 


Sinn  1  +  coshV^ 


u 


As  can  be  seen  from  these  equations,  the  response  of  a  given  system 
varies  with  the  operating  pressure  and  temperatuire  (initial  pressure  and 
temperature  of  the  transient)  and  with  the  pressure  transient,  p^. 

Excellent  agreement  is  shown  in  ref  1  between  the  experimental  and 
theoretical  responses  of  a  system,  where,  using  an  Initial  pressure  of  29. 32 
in.  mercuT}'  absolute,  initial  temperature  of  525'’R,  tube  radius  of  0.0215  in. . 
;aibe  length  of  16.  75  in. ,  reservoir  volume  of  0.  202  in.  the  system  was  shown 
to  require  about  0.012  sec  to  attain  the  steady-state  condition  following  a  1-in. 
mercuT}'  step-pressure  disturbance. 
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Prossure  nioasuroincnls  inafir-  j  j  i]  -hi  on  Uic  NACA  RM-10  rcHcnrch  test 
vehicle  at  various  aJllludes  for  Mach  nunib(*rs  ranging  bctuticn  0.9  and  3.3  are 
described  in  ref  2.  Tlte  time-lag  constant  for  tlie  pressure  system  is  stated  as 
less  than 0.0007  so  that  the  corresponding  time-lag  to  measure  99  percent  of  the 
pressure  transient  is  0.003  sec.  Consequently,  the  lag  error  in  the  pressure 
determination  is  insignificant. 

A  more  sophisticated  theory’  of  a  gas  pressure-sensing  system  tliat  treat.s 
tuljc  end  corrections,  heal  transfer  within  the  tube  and  transmission-lag  cor¬ 
rections  for  a  large  range  of  frequencies  of  oscillation  is  given  in  ref  3.  The 
lumped- constant  system  would  appear  to  give  adequate  results  when  the  selec¬ 
tion  of  the  tube  and  reservoir  dimensions  is  in  agreement  with  the  assumptions 
noted  previously.  Otherwise,  reference  should  be  made  to  the  theory  presented 
in  ref  3  in  order  to  observ'e  the  significance  of  some  of  the  effects  omitted  in  the 
lumped-constant  system. 

3 .  LOCATION  AND  DESCRIPTION  OF  PRESSURE  ORIFICES 

The  sensing  element  u,sed  in  the  measuremcm  of  atmospheric  pressure 
consists  of  a  sir.gle  orifice  or  sometimes  severed  orifices  mounted  flush  in 
the  w'alls  of  the  body  of  the  vehicle  or  on  a  specially  designed  tube,  called  a 
probe,  attached  to  some  pari  of  the  vehicle.  In  order  that  the  pressure  at  ^he 
orifice  have  a  value  equal  to  the  true  atmospher.'.c  pressure,  it  is  necessary 
to  measure  the  static  pressure  and  thereby  eliminate  the  component  of  the  im¬ 
pact  pressure  caused  by  the  motion  of  the  bodj .  Consequently,  when  it  is 
feasible  to  do  so,  the  orifice  axis  is  installed  normal  to  the  flight  path.  The 
pressure  at  tlie  orifice  is  then  a  direct  measure  of  the  atmospheric  pressure. 
Orifices  with  axes  not  normal  to  the  Right  path  rrtay  also  be  used  in  which  case 
the  orifice  pressure  is  some  function  of  the  true  atmospheric  pressure. 

The  problem  of  measuring  atmospheric  pressure  is  complicated  by  the 
fact  that  a  body  in  motion  tends  to  disturb  the  enveloping  flow  field  and  thereby 
alters  the  ambient  pressure  at  the  body  surface.  This  is  true  for  almost  all 
body  shapes  and  speeds.  Accordingly,  the  measurement  of  static  pressures 
or  pressures  on  the  body  contour  may  result  in  large  errors  in  the  determin¬ 
ation  of  the  atmospheric  pressure.  Consequently,  it  is  necessary  to  locate 
the  orifices  either  where  the  pressure  disturbance  is  negligible  or  is  a  known 
quantity. 

At  subsonic  speeds,  the  pressure  disiurbances  due  to  the  motion  of  a 
body  completely  envelop  it,  appearing  in  front  of  the  body  as  well  as  in  its 
wake.  The  case  is  similar  for  transonic  speeds,  which  is  generally  defined 
for  vehicle  speeds  between  Mach  numbers  0.8  and  1.3.  For  supersonic  and 
hjpersonic  motion,  the  pressure  field  is  generally  undisturbed  ahead  of  body 
but  everywhere  else  the  pressure  field  varies  from  the  undisturbed  free- 
stream  value.  When  the  veliicle  moves  at  other  than  transonic  speeds,  except 
fur  short  distances  in  the  wake  immediately  aft  of  the  body,  the  disturbed 
pressures  may  be  considered  essentially  steady.'*'  (There  exist  regions  on 
the  body  wliich  take  exception  to  this  statement,  such  as  the  region  where 


♦The  term  "steady"  sigmfies  that  the  quantities  involved  are  not  functions 
of  time. 
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transition  from  laminar  to  turbulent  flow  oocurs. )  However,  in  some 
instances,  as  for  transonic  speeds,  the  disturbed  pressure  field  near  the 
Ixidy  may  be  expected  to  fluctuate  by  as  much  as  10  percent.  In  addition, 
the  disturbed  pressure  field  for  transonic  flow  is  e.xtremely  sensitive  to 
smaJl  variations  in  the  undisturbed  freo-stream  atmospheric  temperature 
and  pressure  and  to  small  chan^fes  in  the  body  spfjed. 

The  extent  of  the  disturbance  due  to  the  body  motion  also  depends  on 
the  body  sh^>e.  For  large  bodies  such  as  a  bomb  or  missile,  at  any  speed, 
the  difference  between  the  undisturbed  free-stream  pressure  and  the  pressur 
at  a  point  on  the  body  surface  may  easily  be  25  percent.  The  significance  of 
this  is  indicated  by  meteorologic  data  w'hich  show  that  for  altitudes  IxjIow 
30,000  ft  a  1-percent  change  in  the  atmospheric  pressure  corresponds  to 
an  altitude  variation  between  200  and  300  ft  (ref  4). 

Instead  of  measuring  atmospheric  pressure  directly,  it  may  be  argued 
that  if  the  pressure  disturbance  due  to  the  motion  of  the  body  is  essentially 
unique  and  the  pressures  on  the  surface  of  the  body  differ  from  the  undis¬ 
turbed  pressures  in  some  known  manner  (at  least  at  one  point  on  the  bod> 
surface),  then  a  calibration  procedure  could  be  adapted  to  determine  atmos¬ 
pheric  pressure.  Such  a  technique  using  one  or  more  orifices  mounted  on 
the  body  surface  to  measure  atmospheric  pressure  would  be  possible,  by 
determining  in  advance  the  relation  between  the  undisturbed  free  stream  and 
body  pressures,  from  wind-tunnel  and  flight  tests.  The  above  discussion 
assumed  the  body  shape  was  known,  but  in  flight  the  vehicle  does  not  fly  tme 
and  the  body  axis  will  generally  be  inclined  to  the  direction  of  flight.  This 
va;riation  in  angle  of  incidence  also  affects  the  boc^'  speed.  Wheh  the  body 
speed  changes  pr  the'ahgle  of  incidence  between  the  body  axis  and  flight 
path  changes  slightly,  each  by  an  amount  that  normally  occurs  during  flight, 
the  pressure  field  at  a  given  point  on  the  body  may  easily  change  by  several 
percent. 

In  addition,  the  body  pressures  are  influenced  by  local  surface  condi¬ 
tions  such  as  the  roughness  caused  by  paint,  imperfections  in  the  body  shape 
such  as  small  indentations,  waves  or  small  ripples,  etc  —  all  of  these  irre¬ 
gularities  being  within  the.  usual  tolerance  of  manufacture  of  the  body  shape. 
The  extent  to  which  variations  in  body  imperfections  and  flight  conditions 
influence  the  surface  pressures  depends  on  the  shape  and  speed  of  the  body, 
flight  conditions,  the  position  at  which  the  pressure  is  being  measui’ed,  etc. 
Other  factors,  such  as  the  temperature  of  the  body  surface,  aerodjmamic 
heating,  etc  w'hich  influence  the  boundary  layer  during  flight  will  alter  the 
pressure  distribution  6n the  body  suiTace.  Consequently^  for  a  giv/en  vehicle, 
unless  all  the  factors  tliat  give  rise  to  the  disturbance  of  the  atmo.spheric 
pressure  can  be  predicted  Jia  they  will  occur  in  flight,  it  appears  that  large 
errors  in  the  determination  of  altitude  may  result  by  installing  orifices  in 
the  wa^s  of  the  body  surface  to  measure  atmospheric  pressure.  It  is  beyond 
the  scope  of  this  work  to  attempt  to  state  numerical  values  for  these  effects. 
However,  as  will  be  discussed  in  section  4,  reference  may  be  made  to  ex¬ 
perimental  data  where  wind-timnel  and  flight  measurements  of  surface  pres¬ 
sures  have  been  reported  for  bodies  of  vai'ious  shapes. 
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Ad  will  be  diHcusHOtl  tii  siciiun  •}.  wIkmi  h4;li  pp'eiHion  in  the  uliitudo 
(lulcniiination  id  not  rccjulrod  the  orifices  may  be  Installed  dlrcctl)  in  the 
surface  of  the  body,  proeidinj;  wind-tunnel  and  flitjht  ledls  show  that  such 
locations  are  wiicrc  variailons  in  liie  surface  pressure  arc  small  when  suli- 
jecL  to  topical  variations  in  flight  conditions.  Otherwise,  to  relate  accurately 
the  orifice  pressure  to  the  undisturbed  froe-stream  value  pressure  prolxss  of 
special  design  are  nccessarv.  These  probes  are  generally  mounted  foruard 
of  the  body  nose  wlit  re  the  pressure  disturbance  caused  by  th-‘  motiun  of  tlie 
body  is  negligllile.  In  the  event  the  probes  cannot  be  mountec.  foruard  of  the 
body,  tliey  are  located  to  one  side  ol  the  body  so  that  ei  rurs  iii  the  calculated 
pressure  disturbance  '-aused  bs  the  body  motion  will  be  small.  Accordingly, 
tlie  pressure  disturbance  at  the  orifices  is  due  oii]\  to  the  me  t  ion  of  tiie  probe 
itself  wliich,  by  virtue  of  the  special  probe  design,  causes  little  disturbance  of 
the  Iree-strcam  pressure.  Then  the  problem  of  accurately  measuring  atmos¬ 
pheric  pressure  is  css'T’**a!!y  reduced  to  designing  a  tube  for  which  the  effects 
of  fliglit  conditions  can  be  determined  with  higli  precision  and  can  be  "zeroed" 
out  by  some  calibration  procedure.  (The  discussion  of  these  probes  is  given  in 
the  next  chapter. ) 

The  pressure  field  for  many  vehicles  and  for  sratic-prersure  probes  may 
be  obtained  from  theoretical  predictions,  wind-tunnel  and  free-QIght  measure¬ 
ments.  These  data  are  obtained  as  part  of  the  aerodynamic  studies  to  deter¬ 
mine  the  performance  of  a  vehicle  aiid  to  evaluate  pressure-measuring  instru¬ 
mentation.  Reference  to  the  literature  for  similarly  shaped  bodies  will  aid  in 
locating  the  orifices  and  designing  suitable  pressure  probes.  Thus,  the  error 
in  the  atmospheric-pressure  determination  may  often  be  estimated  from  pre¬ 
vious  calibrations  of  similar  instalJations.  The  publications  of  the  National 
Advisory  Committee  for  Aeronautics  are  a  principal  referemce  source  which 
may  be  consulted  for  theoretical  and  experimental  information  on  the  pressure 
distributions  of  missiles,  aircraft,  etc  and  on  pressure-measuring  instru*- 
mentation.  Both  classified  and  unclassified  indices  of  new  NACA  publications 
are  prepared  bhveeldy;  in  addition,  previous  work  is  indexed  under  subject 
headings . 

Often,  conclusions  regarding  the  location  of  an  orifice  are  based  on 
laboratory  models.  Laboratory  models  are  generally  precision  made  and 
the  surface  condition  differs  from  that  of  the  manufactured  item.  In  addition, 
they  are  generally  not  full-scale  models.  Consequently,  flight  tests  may 
show  that  the  variations  in  the  orifice  pressure  on  the  manufactured  models 
are  not  satisfactory.  Hence,  it  cannot  be  ove r- emphasized  that  the  final 
selection  of  an  orifice  location  must  be  based  on  full-scale,  flight-tested 
manufactured  models. 

The  technique  for  the  instaiJation  of  orifices  in  a  surface  is  generally 
independent  of  the  body  size  shape  or  other  characteristic  and  is  often 
independent  of  the  flight  conditions  and  purpose  of  the  baroirietric  device. 

Any  one  of  a  number  of  techniques  may  be  used  to  install  the  orifices.  The 
following  description  gives  a  general  idea  of  the  design  and  procedure  for 
installing  orifices  in  the  '■vails  of  a  body  surface  or  probe. 
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Orifices  used  to  clctcnnlne  uiniospheric  pressure  are  Boneroily  small 
with  an  average  diameter  of  0.01  to  0.02  In.  (ref  5).  The  edge  of  the  oi>enlng 
should  be  flush  with  the  surface  at  which  tljc  pressure  is  Ixjini;  measured  -- 
it  is  important  that  no  protruding  burrs  or  surface  roughness  appear  in  the 
nelgliborhood  of  Uie  orifice  —  and  the  axis  snould  bo  appro-ximately  jxji'pen- 
dicular  to  the  surface.  The  following  description  taken  from  ref  5  illustrates 
the  procedure  of  placing  orifices  in  a  surface; 

"Several  soft  metal  tubes  about  O.O.'i  in.  internal  diameter  --  'compo' 
tubing  --  are  let  into  grooves  cut  In  the  surface  of  the  model  so  that  their 
outer  surfaces  protiude  slightly  above  that  of  the  model.  They  are  held  in 
place  by  wax  run  into  the  grooves  in  a  molten  state,  and  the  whole  is  then 
made  good  by  scraping  to  presor^’c  tlie  designed  centours  of  the  model.  The 
tubes  are  soft  and  thick-wulled,  so  that  there  is  no  difficulty  in  scraping 
their  slightly  projecting  exteriors  flush  witli  the  model  surface.  " 

4.  LABORATORY  AND  FUGHT  EVALUATION  OF  BAROMETRIC  DEVICES 


The  preceding  section  discussed  the  disturbance  of  the  pressure  field 
caused  by  the  motion  of  a  vehicle  and  the  consequent  difficulty  of  obtaining 
pressuresut  an  orifice  that  could  be  used  to  determine  atmospheric  pressure. 

It  was  seen  that  in  order  to  measure  atmospheric  pressure,  the  orifices  must 
either  be  located  at  a  point  on  the  vehicle  w^ere  the  disturbance  of  the  pres¬ 
sure  field  is  known  or  installed  on  a  probe  of  special  design.  In  each  case,  the 
orifices  are  located  so  that  the  orifice  pressure  is  a  known  function  of  the  at¬ 
mospheric  pressure.  In  addition,  with  the  use  of  specially  designed  probes, 
it  is  possible  to  obtain  orifice  pressures  that  are  identical  with  atmospheric 
pressures. 

The  present  section  discusses  several  tjpes  of  probes  which  may  be 
mounted  on  the  vehicle  and  are  designed  so  that  the  orifice  pressure  is  always 
identical  with  the  atmospheric  pressure.  Three  such  probes  are  described. 

In  addition,  the  experimental  results  for  orifice  installation  in  the  walls  of 
several  vehicles  are  described.  An  analysis  of  the  probe  designs  and  wall 
installations  is  given  and  conclusions  are  derived  concerning  their  accuracy. 

Based  on  theory  and  experimental  data,  the  accuracy  of  a  pressure- 
measuring  system  may  be  indicated  for  all  altitudes  up  to  at  least  100,  000  ft 
and  all  speeds  up  to  Mach  number  10.  Reference  will  be  made  to  the  ex¬ 
perimental  flight  data  of  barometric  fuzing  systems  for  both  subsonic  and 
supersonic  speeds.  In  addition,  flight  data  at  high  Mach  numbers  of  pressure 
sensing  systems  used  in  connection  with  the  determination  of  the  performance 
of  research  vehicles  will  be  discussed.  Generally,  barometric  fuzing  sys¬ 
tems  are  designed  to  operate  at  Mach  numbers  below  3.  The  data  that  will  be 
described  appear  sufficient  to  indicate  the  accuracy  of  a  barometric  fuzing 
system  for  s?ntably  designed  probes  when  the  orifices  are  placed  in  the  un¬ 
disturbed  airstream  away  from  the  induced  pressure-field  disturbance  caused 
by  the  moving  vehicle  or  when  the  orifices  are  located  in  the  base  of  the 
vehicle.  In  addition,  the  accuracy  of  specific  barometric  fuze  S3'stem^  for 
orifices  placed  on  the  surface  contour  and  for  orifices  otherwise  located  in 
flow  regions  subjected  to  the  influence  of  the  vehicle  motion  will  be  indicated. 
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1.1  rjXcd-Ar^jh*  Noso 


'Fhc*  };c*ncral  shajx?  «il  a  siai.ic  piossurt*  proix;  is  tliat  of  a  flir!  iicedlo. 
Essentially,  the  fixed-ariftk’  static  pressure  prolxj  consists  of  a  cylindrical  tube 
of  a  very  small  diamelcr  having  a  conical  or  ogival  nose  with  apex  angles  of 
10  degrees  or  N'ss.  The  distance  between  the  apex  of  the  conical  or  ogival 
nose  and  the  orifices  is  necessarily  large  to  avoid  the  nose  effects  on  the  static 
[iressiire.  Ad  iJiding  to  wind-tunnel  data,  the  measured  values  of  the  static 
ptc^suie  equal  the  I rec-streuin  static  pressures  and  are  independent  of  the 
axial  location  of  the  orifices  wIkmi  the  orifices  are  placed  eight  or  more  cyl¬ 
inder  diameters  aft  of  the  nose-cylinder  shoulder  and  the  probe  is  aligned  with 
the  windstream*  (K'f  0).  Assuming  perfect  instrumentation  and  alignment  witli 
the  wind,  tlie  value  of  tlie  static  pressure  measured  in  Qight  is  equal  to  the 
ambient  pressure. 

The  principal  disadvantage  in  using  a  fixed-angle  probe  is  that  the 
static  pressures  are  sensitive  to  th('  wind  direction  and  vary  radially  aljout  the 
probe  when  the  incident  wind  is  not  parallel  to  the  probe  axis.  For  other  than 
small  angles  ot  incidence,  this  variation  must  be  taken  into  account  to  avoid 
large  errors  in  the  determination  of  the  ambient  pressure.  Based  on  theory 
and  experimental  observation,  even  when  the  flow  over  the  probe  is  supersonic, 
the  approximation  to  the  radial  variation  of  the  static  pressure  with  angle  of 
incidence  is  about  the  same  as  that  for  two-dimensional  incompressible  flow 
over  a  circular  cylinder  with  zero  circulation  (ref  6).  The  reason  for  the 
similarity  may  be  seen  as  follows;  For  either  compressible  or  incompressible 
flow,  flic  radial  pressure  distribution  over  the  probe  is  essentially  a  function  of 
the  velocitv  component  norma!  to  the  cylinder  axis  and  independent  of  the  com¬ 
ponent  parallel  to  the  axis.  At  small  angles  of  incidence,  the  cross  velocity 
will  be  subsonic  even  when  the  wind  speed  is  supersonic.  For  example,  the 
cross  velocity  is  only  348  fps  for  a  wind  speed  of  4, 000  fps  at  an  angle  of  in¬ 
cidence  of  5  degrees.  Since  the  location  of  the  orifices  is  far  removed  from 
the  ends  of  the  probe,  the  crossflow  over  the  orifices  is  essentially  two- 
dimensional  and  geometrically  similar  to  that  for  a  two-dimensional  circular 
cylinder.  Hence,  the  usual  equation  for  the  radial  pressure  distribution  on  a 
circidar  cylinder  in  perfect  (i.e, ,  inviscid)  incompressible  two-dimensional 
flow  may  be  used  as  an  approximation  for  the  radial  pressure  distribution  at 
supersonic  speeds  on  a  probe  at  axial  locations  where  a  two-dimeosional 
crossflow  occurs.  Accordingly  the  approximate  radial  static  pressure  dis¬ 
tribution  for  a  probe  ar  an  angle  of  incidence  with  the  wind  stream  is  given 
by  thfc  equation- 


P  -  P  +  1/2  P  V"  (1  -  4  sin  ^  0), 
m  c 


(1) 


*For  example,  one  of  the  probes  described  in  ref  6  has  an  ogival  nose  and  a 
cylindrical  afterbody.  The  pmbe  has  a  cylinder  diameter  of  0.  25  in.  and  a 
total  lengtii  of  8  in. ;  the  ogival  nose  is  2  in.  long  and  the  diameter  of  the 
orifices  is  0.020  in. 
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wliciv  is  the  measured  static  pressure,  P  is  the  true  static  pressuii* 

1/2  PV“  is  Uie  dynajaic  pressure  for  the  How  normal  to  the  prolx'  axis. 

and  0  is  Ute  radial  locatloii  on  the  probe  measured  from  tlie  forward  stajpm- 
tion  jKiint*  (ref  G,  7). 

The  aijo\c  equation  is  strictl\  applicable  foi‘  an  inviscid  Huld,  and 
since  this  is  not  the  case  for  a  real  fluid,  the  ex[X‘rtmental  radial  pressure 
distribution  will  differ  from  the  theoretical  distribution.  As  is  wtdl  kimwi, 
tlie  crossflow’  Reynolds  number  **  is  primarily  determinative  of  the  radial 
pixiasurc  distribution  (ref  8).  For  example,  the  crossflow  Reynolds  numlier 
for  a  1/2  in.  diameter  cylindrical  probe  at  an  angle  of  incidence  of  j  degrees 
w'lnd  speed  of  4000  fps  and  sea-level  atmospheric  conditions  is  about  93,  000. 
Since  the  crossflow  Rejaiolds  number  decreases  witli  increasing  altitude  in 
accordance  with  the  reduction  of  the  ambient  density,  it  may  be  assumed  that 
the  crossflow’  Reynolds  number  for  a  pressure  probe  will  generally  be  less 
tien  10^. 


According  to  the  wind-tunnel  experimental  data  examined  in  ref  8 
lor  RejTiolds  numbers  less  than  10^,  the  pressui'e  developed  for  two- 
(bmensional  flow  on  a  circular  cylinder  from  the  foiwvard  stagnation  point 
to  about  ±  30  degrees  is  indepiendent  of  tlie  Rej'nolds  number  and  vanes  in 
accordance  with  the  above  equation.  From  aloout  -t  30  to  ±  180  degrees,  the 
pressure  is  generally  less  than  the  ambient  and  varies  witli  the  crossflow 
Re3molds  number.  The  experimental  data  indicate  that  the  minimum  radial 
pressure  occurs  at  about  ±70  degrees  from  the  forward  stagimtion  point 
instead  of  ±  90  degrees  as  indicated  by  the  above  equation.  Furthermore, 
separation  of  the  laminar  boundary  layer  takes  place  between  ±  80  degrees 
and  ±  90  degrees  from  the  forward  stagnation  point,  and  the  pressure  remains 
approximately  constant  from  about  ±  90  to  ±  180  degrees  (ref  8). 

Although  the  preceding  paragraph  is  actually  a  description  of  sub¬ 
sonic  \vind-tunnel  data  for  two-dimensional  flow  over  circular  cylinders,  the 
supersonic  wind-tunnel  data,  examined  for  pressure  probes  at  angles  of  in¬ 
cidence  with  the  wind  stream  appear  similar.  Theoretically  and  according  to 
the  experimental  data  of  ref  6  and  9.  the  Mach  number  effects  on  the  rauiol 
static  pressure  distribution  of  suitably  designed  probes  are  insignificant,  at 
least  for  Mach  numbers  in  the  range  1.  .5  to  3.  0.  Moreover,  the  wind-tunnel 

*  A  stagnation  point  is  a  point  where  the  flow  velocity  is  zero.  In  a  tw/o- 
dimensional  flow  of  a  perfect  incompressible  fluid  over  a  circular  cylinder 
UvD  stagnation  points  occur  on  the  cylindrical  surface  and  are  located  at 
the  intersections  of  the  cidindrical  surface  with  the  flow-velocity  vector 
drawn  tlirough  the  center  of  the  cylinder.  The  stagnation  point  located  on 
the  windward  side  is  called  the  forward  stagnation  point. 

♦♦Reynolds  number  is  defined  as  tlie  product  of  the  model  length  arid  wind 
velocity  divided  by  the  undisturbed  air  lunematic  viscosity.  The  crossflow- 
Reynold.s  number  is  based  on  the  crossflow’  component  of  tlie  undisturbed 
wind  velocity  and  the  component  of  model  length  in  the  direction  of  the 
crossflow'  velocity. 
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(l:iia  t^huw  ihfi*  (he  ladinl  ;/;i-  ai.ic  il^(Illnlnon  wiiiiin  s  30  ti-.-HJveh  from 

iho  loruurd  HingjiaU'm  i*'  i5*«»  j  ifliH-i.c i  •'  o;.  Hcvuoid.s  nuinh<-i  aiui  in 

ajirrenunt  with  i‘(|U8li''n  tl).  H!>’Ai-\cr  tin-  radial  static  pressure  (!istribiiiu)n 
for  HiijXMSonic  fU  .v  ut  locations  Ix'vond  i  3U  de};iees  iroin  the  forward  siai^na- 
iion  point  is  sinulai  to  ii.ai  mift  tl  lot  i Ao-di nu  nsionaJ  ipcf)n'ipressil)le  flow 
over  a  circular  cvlindei  ruid  is  aflcctrd  b\  i  hanf;i;.s  oi  the  crossno’.'.  IU-\ nolds 
nuinher  ( i cl  >>  !)i . 

Instead  ol  usinj^  a  sinjj;lc  onlicc,  the  inslrurnenl  erro  due  to  an 
anisic  of  incidence  v'.ith  tlie  uiiul  si  ream  ma\  be  subsiantiallr  reduced  1)_\ 
locating  tut)  orifices  for  example  at  difteriuit  i*adiaJ  positions  and  using 
the  average  value  of  tiie  two  orifice  readings  (ref  9i.  Tins  technique  will 
liave  application  pariicularh'  lor  ixill -sial^ilized  missiles,  or  for  missiles 
wliere  the  angle  of  attack  and  vaw  angles  or  total  angles  of  Incidence  are 
approximately  kno^vn. 

For  example  (he  angle  ol  incidence  tor  ground-target  missiles 
at  aJitiudes  bedow  40  000  tt  uall  generalh  he  uitiun  5  degrees.  According  to 
the  wind-tunnel  data  of  ref  9  where  tJie  average  value  of  the  static  pressures 
ol  two  orifices  was  used,  the  pressure  coefficient  error  ♦  may  amount  to 
0.0025.  Thus,  at  any  altitude  the  corresponding  error  in  the  determination 
ol  altitude  vanes  approximately  unth  the  square  of  the  vehicle  velocity  and  is 
less  than  42  ft  when  the  vehicle  velocity  is  1, 000  fps.  Based  on  the  dynamic 
pressures  for  tlie  incident  flow  given  by  the  preliminary  trajectory  data  for  the 
missile  Redstone  cf.  table  VID  of  ref  10  and  the  ambient  pressure-altitude 
data  given  by  ref  11,  die  static  pressure  measurements  for  aJiitudeS  below 
40  000  ft  will  be  within  2  percent  ot  the  ambient  pressure.  For  this  altitude 
range  a  2-percent  error  in  the  measurement  of  the  ambient  pressure  corre¬ 
sponds  to  a  500-ft  error  in  die  determination  of  the  altitude  (ref  11). 

Of  course  the  accuracy  of  the  fixed-angle  probe  may  be  further 
improved.  For  example  several  orifices  disinbuied  radially  about  the  probe 
could  be  used  to  measure  the  ambient  pressure.  Furthermore,  assuming  the 
s\'stem  of  orifices  is  discriminative,  the  instantaneous  forward  stagnation 
point  could  be  determined  as  the  position  having  the  maximum  pressure  cf. 
equation  (i).  According  to  equation  \1)  the  true  ambient  pressure  would  occur 
at  positions  :i. 30  degrees  from  the  forward  stagnation  point. 

The  above  information  seems  sufficient  to  indicate  the  accuracy 
wtUi  which  a  fixed- angle  probe  ma>’  be  expected  to  measure  ambient  prestsure. 
Consequently  no  precise  information  was  sougiii.  regarding  the  much  more 
complicated  \'ariatioii  of  the  radial  static  pressure  distribution  for  locations 
beyond  i  30  degrees  from  the  forwani  stagnation  point.  Additional  wind-tunnel 
experimental  data  vve.i'e  not  examined. 


*  The  pressure  coefficient  error  as  defined  in  ref  9.  is  tlie  difference 
between  the  measured  and  true  values  ot  t,he  ambient  pressure  divided 
by  the  dynamic  pressure  tor  the  incident  linw. 
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Ah  will  1)0  discussed  in  section  0,  it  is  not  possible  to  simulate  In  a 
N^dnd  tunnel  all  the  flight  conditions  that  may  affect  the  performance  of  pressure 
prol>eH.  On  the  other  hand,  greater  accuracy  and  control  In  obtaining  experi¬ 
mental  data  are  possible  In  a  wind  tunnel  than  In  flight.  The  following  P.lght- 
icst  data  are  Included  to  Indicate  tlm  accuracy  of  barometric  syatema  using  nose 
probes  and  to  compare  with  the  wind-tunnel  reaults  doscrlljcd  al>ove. 

Ref  12  discusses  the  accuracy  of  a  barometric  fuzing  system  for 
Mach  numbers  in  the  range  0.6  to  1.1,  where  tlie  test  vehicles  were  gasoline 
luel  tanks  having  a  diameter  of  21  In.  and  a  length  of  180  In.  Six  test  c*rops 
are  reported  In  which  the  tanks  were  released  from  an  aircraft  at  an  altitude 
of  approximately  30,000  ft  and  a  speed  of  300  mph.  In  each  of  the  tesis ,  the 
orifices  were  radially  distributed  and  located  on  a  probe  of  special  design  which 
was  mounted  at  some  distance  from  the  test  vehicle  so  as  to  reduce  the  i.  rror  in 
the  measurement  of  the  atmospheric  pressure  due  to  the  disturbance  of  tJie 
pressure  field  by  the  test  vehicle.  Rigid  nose  probes  with  orifices  located  2.0 
and  2.5  body  diameters  forward  of  the  test  vehicle  resulted  In  altitude  varia¬ 
tions  of  less  than  600  ft.  The  standard  deviation  In  the  error  In  the  determina¬ 
tion  of  these  measurements  Is  estimated  In  ref  12  to  be  450  ft. 

Additional  flight  tests  of  a  pressure-measuring  system  using  static 
pressure  probes  mounted  forward  of  the  wing  tip  and  fuselage  nose  of  an  air¬ 
craft  are  described  in  ref  13  for  Mach  numbers  from  0.8  to  1.17.  Depending 
on  the  Mach  number,  the  orifices  were  located  in  the  pressure  field  Influenced 
by  the  aircraft.  This  pressure  field  was  theoretically  calculated  and  correc¬ 
tions  were  applied  to  determine  the  true  atmospheric. pressure.  From,  these 
results  it  appears  that  the  atmospheric  pressure  may  be  measured  with  an 
accuracy  to  within  ±2  percent  of  the  dynamic  pressure*  for  all  altitudes  up  to 
at  least  50,000  ft.  This  corresponds  tc  an  equivalent  altitude  error  of  less 
than  600  ft. 


In  concluding  the  discussion  regarding  the  accuracy  of  the  fixed- 
angle  probe,  it  is  worth  noting  that  the  delicate  nature  of  the  instnxment  may 
seriously  affect  its  use.  As  previously  mentioned,  the  probe  is  necessarily 
slender  and  shaped  like  a  needle.  Production  tolerances  of  the  probes,  includ¬ 
ing  especially  the  surface  finish,  must  be  held  to  a  minimum.  Moreover,  for 
supersonic  speeds  the  probe  must  be  mounted  to  the  missile  in  a  position- 
completely  forw'ard  of  the  missile  nose  shock,  since  a  location  in  the  undisturbed 
wind  stream  is  essential  to  obtain  accurate  measurements  of  the  ambient  pres¬ 
sure.  For  subsonic  vehicle  speeds,  the  probe  must  be  placed  sufficiently  fax 
in  Trent  of  or  along  the  side  of  the  vehicle  so  that  the  orifice  pressures  are  not 
influenced  by  the  motion  of  the  vehicle.  In  transportation  to  the  field,  In  hand¬ 
ling,  etc,  it  w'ould  be  easy  to  accidentally  distirb  the  alifpiment  of  the  probe 
and  thereby  affect  the  accuracy  of  the  instrument.  Furtliermore,  due  to  the 
location  of  the  probe  on  the  vehicle  and  the  fragilify  of  its  over-all  design, 
unless  adequate  precautions  can  be  taken,  the  missile  vibration,  aerodynamic 
heating,  etc  occurring  in  flight  may  significantly  a'^fect  the  pressure  measure¬ 
ments  of  the  probe. 


*T’ae  pressure  is  defined  as  the  product’  of  one  half  the  undisturbed 

airstreamdeniiity  andthe  square  of  the  aircrafi  speed. 
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T’io  * 'Ir.i,  j  r*'' o  I**  ^reroraliy  of  f.hc  vane  type  and  ccnslsts 

t  sa*“r.*la’.ly  of  n  HVr.ir  pi' s  rre  prrt  c  with  fins  or  vanos;  it  Is  atujrbed  to  the 
o  isr.tlti  ly  jfh  cf  a  Julrt  ‘'<pp  rt.  The  prr l>o  Itself  has  .he  sajno 

'.•f.fli.*  HKo  appe.i:  f/'r,‘3  n?  thr  fl'fd  ang’o  probe.  In  the  same  way  that  t^'o  t;il! 
ST  hi  r  (<  ♦'  [maintain  t''^’  allpir.ent  a  missile,  the  vanes  and  swlve' 

■  n>^  I '  svr.f  t  ::  If.  th*  se.f  a '  igr.m'-r.t  <.  t  ’he  probe  wiLh  Ih*^'  v'ind  stream. 

M  .ros'  r,  i*  1.^  p/,ssll'  f  *0  »  I'taln  abnpsr  p^M^ert  aiicnment  of  the  proLs*  v^nth 
•>(  wil  d  stro.'irr  \  y  tIll  i^rgr  -..'ine  y-  ,rfar<..s  with,  the  aorcdynamlr  centers  of 
c:‘*gsuro  located  far  aft  <  f  the  swi.ci  J-'in'.  }  or  this  reason,  the  InstnJiivn' 

i'-  pr-iL  .ioahy  ir.=*'rsl‘i'  o  f,<>  <  h/tnges  j*  the  ar.p'o  c*  inrldcnce  between  the  in!s 
.il''  r-.  ‘'I  '/  ry  and  the  direction  of  he  v/lrd  streair. 

L«rrpf  fer  the  cyllndric:.'.  part  c.t  tre  probe,  the  design  of  the  air 
•i'  diroctiia  plcf  ip  described  In  re/  14  b-  same  as  thn*  for  a  free- 
:.^»-b»-llcg  vene  pr>  be^.  Moreover,  the  .‘^elf-a'lgr.ment  of  the  two  instrument.s 
h  -..id  le  the  sam-.  .  Consetneatly,  slncf  t^  e  air- 'low  direction  pickup  is 
tnr  rc  arc  crate  and  easier  tr  cso  for  the  determination  of  the  instrument  align- 
m(  n'  with  the  wind  strear  <t  b'  prr 'era  tic  to  discuss  the  results  obtained 
V  i  h.  'h*  direction  plcbmp  laticr  tbar.  for  t^r-  prFS‘.ure  probe.  The  description 
ard  results  gl/er  leiow  are  t'-r-jc?  ci  ‘lined  fer  the  air-How  direotion  pickup 
disci  ssed  in  re:  14. 

Ti.e  o  rr-a)'  e-.ccsed  !•  rg'.h  o'"  the  .n'r-f  ow  direction  pickup  Is 
7  b.,  the  f'-ot  ii!  areo  is  apDrcvtmateiy  i  in.-,  and  the  total  weight  is  0.32  lb. 
it'-  <n-tnimer.t  was  tested  In  a  wind  yinr*-::  and  in  flight  at  Mach  numbers  in 
the  taneO  O.t  1-  2.S  tnd  at  dynaml:  pr'^ssures  of  the  incident  wind  up  to  65 
I  ri.  According  to  the  data,  the  device  Is  capable  cf  mL-ln^ainlng  self- 
;  ’Icimc.-t  ':vith  the  wind  stream  to  within  0.2  degrees.  Due  to  lateral  accc'cr- 
rJT.s,  *ho  .i.rgt'\r  do . iatio',  rf  -.ho  Ir.s'rumont  from  the  wind -stream  direction 
is  ,est  tlra’:'  0.01  degree/g  when  the  dynamic  pressure  exceeds  2.7  psi.  Fur- 
th‘‘r:ncr6,  the  ir.strament  has  wltb-^trcd  shock  and  S';:atlc  accelerations  up  y 
100  g  wlbhour,  d^image. 

mc-ndoned,  the  self- -alignment  cf  a  iree-swlveling-van^ 

:V,r  -  prebB  wii’  be  the  same  as  that  !or  the  afr-ficw  direction  plckrap.  Aco^^r 
ing  tr-  r'^fs  6  and  9,  for  altitudes  below  40,000  ft  and  dyna.mlc  pressures 
•f  t  lease  6:  nsl,  a  pressure  probe  maintaining  an  atlgnmenc  within  0.2  degree-, 
ct  ti  e  wind  .strea.m  wii’.  measure  the  am, bier/  pres‘=>-are  with  an  error  of  less 
tlu'-  1  y  ercr'-’'t  r  -  bie  tr..e  c alue.  Ti'o  c '  rTfisponding  mea,<-i’:reraert  cf  th«  altb 
.  .do  wii'  b--'  in  errer  by  ’ore  then  gOO  f‘  'r^~  11). 

•n  corx  ^slon,  ameirlio’:  :s  drawo  co  the  comm-mts  made  in  the  lir.a 
i  ircaraph  cf  -.-le  dlscussicn  or.  the  fixed -.v:.g>:  probe.  These  limitations  ab'o 
apply  i-.-  the  'ree-  swiveling- vane-  prer,-.  Moreover,  the  free-swiveiing-vane 


‘’The  air -few  dtrec'.icn  pickup  ,.s  an  ms^rimen:.  used  to  measure  the  direction 
of  lIk-  ii'oicknr  wind. 
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prolx‘  »3  nen  more  delicate,  aliice  the  vanes  or  the  swivel  Joint  may  easily  be 
damaged.  Hecause  of  the  free  movement  of  the  probe  about  the  swivel  Joint, 
the  probe  la  especially  vulnerable  to  the  development  of  air  leaks.  Further¬ 
more,  as  Is  diHcu.saed  In  section  0,  tlie  swivel  Joint  may  stick  In  flight  because 
of  the  expansion  of  the  Joint  caused  by  aerodynamic  heating.  As  Indicated  In 
the  |)revlouH  discussion,  the  accuracy  of  atmospheric  pres.sure  moasuremonts 
for  a  flxed-oiigle  probe  Is  within  2  percent  of  the  ambient,  whereas  the  accur¬ 
acy  lor  a  frec-swivollng-vane  probe  may  be  Increased  to  within  1  percent. 
However,  in  practice,  the  Improved  accuracy  obuilned  by  using  a  free-swlvellng 
probi'  appears  to  be  more  ttiiui  offset  by  the  added  complexity  In  Its  design  and 
operation  over  that  of  the  fbced-anglc  probe.  In  addition,  the  use  of  the  fixed- 
angle  probe  has  been  more  common  and,  because  of  the  small  Improvement  in 
the  accuracy  that  can  be  obtained.  It  la  doubtful  whether  free-swlvellng  probes 
will  find  ordnance  application. 

4.2  Body- Trailing  Probe 

As  is  wolUcnown,  the  velocity  fluctuations  caused  by  the  motion  of 
a  body  decrease  with  increasing  distance  jtft  of  the  body  and  the  return  of  the 
pressure  in  the  wake  to  tlie  ambient  value  occurs  at  several  body  diameters  t(' 
the  rear.  Accordingly,  It  appears  possible  to  measure  true  atmospheric 
pressure  by  extending  probes  into  tlie  body  wake.  The  following  description  of 
flight  data  indicates  the  accuracy  obtainable  with  the  use  of  such  probes. 

Assuming  that  a  1-percent  variation  in  atmospheric  pressure  Is 
equivalent  to  an  altitude  variation  of  300  ft,  the  telemeter  data  from  the  free- 
fall  test  vehicles  of  ref  12  indicated  that  a  rigid  telescoping  trailing  probe 
having  orifices  5.7  body  uiamctcrs  aft  of  the  body  gave  a  variation  in  the  pres  - 
sure  measurements  equivalent  to  an  altitude  variation  of  220  ft  over  the  entire 
Mach  number  range  0.6  to  1.1.  Ref  12  suggests  that  comparable  results  are 
possible  using  a  telescoping  probe  with  a  lengtii  of  about  3  body  diameters  aft. 

A  flexible  body-trailing  prol>e  with  orifices  5.7  body  diameters  aft  of  the  tH>dy 
resulted  in  a  pressure  variation  equivalent  to  510  ft  over  a  Mach  number  range 
0.6  to  1.04. 


Flight  tests  using  a  F86E  aircraft  were  made  to  investigate  methods 
of  determiiing  atmospheric  pressure  through  the  transonic  speed  range  in  the 
vicinity  of.  the  wake  of  a  Jet-propelled  aircraft  (ref  15).  Various  trailing  probes 
were  extended  from  the  belly  of  the  aircraft  at  distances  varying  between  O.bc 
and  3.98  fuselage  diameters  behind  the  Jet  exhaust.  To  insure  atmospheric 
piossure  measurements  with  an  accuracy  within  ±  600  ft  throughout  the  Mach 
number  range  0.80  to  1.10,  it  was  necessary  to  locate  the  orifices  at  about 
2. 5  fuselage  diameters  behind  the  aircraft.  Orifices  can  be  located  closer  t.c 
the  aircraft  and  yield  the  same  accuracy  if  the  Mach  number  range  is  reduced 
to  0.95  to  1.05.  The  repeatability  of  two  different  pressure  pickups  for  a  given 
flight  and  for  a  given  instrument  during  two  different  flights  was  within  an  pquJa'- 
alent  altitude  variation  of  ±  250  ft.  The  maximum  deviation  in  the  repeatability 
for  different  instiounents  on  different  flights  corresponded  to  an  equivalent  alti¬ 
tude  variation  of  ±  500  ft.  All  tests  were  made  at  altitudes  between  40,000  and 
20,  000  ft,  but  the  results  are  applicable  to  any  altitude  up  to  at  least  fO,  000 
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Thi*  Mt^indanl  (h-viation  Ir.  ijif  iicrurac\  ol  ilu’  icat  lia'a  (lfHcrilK*d  In 
nds  12  and  Fj  1h  t'Miinia»ed  !o  lx*  450  ft.  From  Uu'St*  it  appears  that  the 
velocity  fliictuaiiOMS  In  the  lx>dv  nuke  and  a  return  of  the  pressure  in  the  u^ike 
•e  ’he  undlsturlxid  alr-slream  value  occur  at  relatively  short  distances  from 
'be  Ixidy.  Aceordinglv,  lx>dy-iraillng  probes  may  be  very  useful  where  hifth- 
preclsion  l)arom<‘irlc  lu/.inf'  Is  required. 

4.4  Fse  of  Orifices  Located  on  the  Surface  Contour  of  a  N’ehicle 


Sometimes,  preanure  probes  cannot  be  located  at  a  position  uhert> 
the  pressure  at  the  orifices  is  not  influimced  by  the  motion  of  the  vehicle.  An 
extimple  of  this  situation  is  a  high-speed  re-entry  missile,  where  the  high  rate 
of  aerodynamic  heating  may  structuallv  deform  the  probes.  Other  situations 
exist  which,  for  example,  the  e.xlremc  vulnerability  of  the  probes  to  damage, 
preclude  the  use  of  pressure  probes.  Consequently,  orifices  are  sometimes 
located  on  the  bod\  contour  at  a  position  which  will  result  in  the  least  er'or 
in  the  determination  of  the  atmospheric  p,  assure. 

Unfortunately ,  depending  on  the  vehicle  contour  itself,  the  pressure 
at  the  orifices  is  very  sensitive  to  any  variation  which  disturbs  the  boundary 
layer  at  the  orifices.  This  means  that  tlie  pressure  at  the  orifices  will  be  sen¬ 
sitive  to  small  changes  in  angle  of  incidence*,  surface  rouglmess  auid  irregular¬ 
ity  of  the  body  contour,  speed  of  the  vehicle,  body  surface  temperature,  aero 
dynamic  heating,  etc.  The  extent  to  which  these  parameters  affect  the  orifice 
pt  esaure  depends  primarily  on  tJie  body  shape  and  the  location  of  'he  orilices. 
The  pressure  on  the  surface  of  a  missile,  bomb,  or  wing  will  generally  be  quite 
different  from  tb.e  undisturbed  ambient;  this  difference  may  easily  amount  to 
one-half  the  tmdlsturbe'd  value.  In  addition,  large  surface  pressure  gradients 
may  exist  which  imply  that  the  surface  pressure  at  a  given  point  on  the  body  will 
rapidly  change  with  small  variations  in  speed,  angle  of  incidence,  etc. 

Consequently,  the  problem  of  using  orifices  installed  in  the  wall  of 
a  vehicle  amounts  to  determining  the  location  for  which  the  variation  in  the 
orifice  pressure  may  be  most  accurately  related  to  the  atmospheric  pressure 
and  of  course,  determining  this  relation.  When  the  body  surface  contour  is 
precisely  known  (that  is,  the  manufacturing  tolerances  are  held  v/ithin  strict 
limits,  such  as  fiiose  for  a  laboratory  model),  the  relationship  between  the 
orifice  and  atmospheric  pressures  generally  can  be  established  with  the  re 
quired  precision  of  an  equivalent  altitude  variation  within  ±  600  ft  only  by  ex¬ 
perimental  data  and  not  by  theoretical  derivation.  Furthermore,  as  will  be 
explained  in  section  6,  the  wind-tunnel  simulation  of  flight  conditions  carmoi 
he  used  to  determine  this  relation  as  it  would  occur  during  flight.  However, 
wind-tunnel  pressure  measureiTienls  can  be  used  to  aid  in  determining  the  prop¬ 
er  orifice  location  by  comparing  the  results  with  the  data  from  a  model  of  sim¬ 
ilar  shape  that  has  been  tested  both  in  a  wind-  tunnel  and  in  flight.  In  addition. 


*The  gjqtjle  of  incidence  is  defined  aa  the  angle  tomied  between  the  direction 
the  flight  path  and  the  body  axis  pf  symmetry. 


document  eonttlni  information  affoctlng  ths  r»ationa»i  daftna#  of  tha  UnItaJ  >tatai  wlttilA'^ha  matninf  of  tha  aipiontfa  titia. 
S.  C.*  T9S  and  7^.  Ita  tranimlialon  or  tha  ravalatlon  of  Ita  contanta  In  any  mannar  tbdn  vnauthorliad  paraon  la  prohibitad  by  law. 


SECRET 


•hi-  w ind  - umnul  datn  nun  lx-  us<-<i  to  lorati  thi-  ?  i-gi  I'l  0-5  thf  uh«-!i  ‘hi- 

\  a naiion  in  pressiiri*  appears  'o  tx-  smallest,  and  this  locatlmi  ‘'^teti  lx- 
a  pttsiiioii  for  uhleh  the  pressure  variation  is  small  in 


Ifaiher  than  enter  mtn  a  disfussion  of  uind-timnel  tests  on  Uidies 
'hleh  have  shapes  that  are  slrnllai  tn  or  are  used  in  ordnanee  devices,  (he  |oI 
luHint;  discussion  will  be  conlinetl  to  a  presentation  ol  (lli^ht-test  ineasuremeii's 
o'  I'aionutiic  devices  used  on  some  weapons  and  lest  research  vehicles.  D.'ita 
VI II  Im’  [)resented  for  subsonic  and  supersonic  speeds  lor  orifices  located  on 
the  surface  contour  includiiif,  the  base  of  the  vehicle. 

Ref  10  discusses  t*'e  results  of  fMght  tests  of  barometric  fu/ing 
systems  for  three  current  bomb  shapes  releast  d  from  an  aircrrift,  where  the 
measurements  were  made  between  altitudes  of  0  to  10,000  feet  alx)ve  groiiiid 
anri  at  Mach  numbers  in  the  range  n.^o  to  0.0',:.  The  orifires  were  loetitetl 
(d’her  on  tJie  surface  contour  of  the  vveapon  itself  f  r  installed  in  protie-  lyiru 
in  a  region  where  the  pressure  was  influenced  bv  the  motion  of  the  weapon. 
Consequently,  the  determination  of  the  atmospheric  pressure  was  sen.sitive 
primarily  to  Mach  number,  since  the  angl  '  of  incidence  was  carefully  held 
’o  very  small  values.  A  t.otnl  of  18'i  drop  tests  are  reported  and,  allowing 
for  an  error  in  the  estimate  of  •he  Mach  number,  the  sfnndard  deviations  of 
the  various  systems  were  found  to  range  between  245  and  400  b. 

Additional  flight  tests  to  detc’mine  the  pressure  at  various  locations 
on  research  vehicles  are  reported  in  ref^;  17  titrough  20  for  various  altitudes  a’ 
supersonic  Mach  numbers  extending  up  to  9.89  These  data  were  not  obtained 
for  the  express  purpose  of  determining  atmospheric  pressure  but  ratlier  to 
evaluate  missile  performance.  Consequently,  no  precise  statements  may  he 
made  regarding  the  precision  of  atmospheric  pressure  prediction.  However, 
it  appears  from  the  close  agreement  in  the  pressures  obtained  between  tJie 
theoretical  and  the  experimental  flight  results,  from  the  excellent  repeatabilitv 
of  the  flight-test  data,  and  from  the  foregoing  discussion,  that  tJie  conclus’ons 
previously  obtained  concerning  the  accuracy  of  a  system  for  measuring  atmos¬ 
pheric  pressure  are  applicable  for  all  Mach  numbers  up  to  at  least  10.  Thus, 
if  the  pressure  probe  is  suitably  designed  and  tJie  orifices  are  located  in  a  reemr 
where  the  pressure  field  is  undisturbed  b>'  the  motion  of  the  vehicle,  or  the  or; 
fices  are  located  where  the  disturbance  of  the  pressure  field  is  known,  the 
atmospheric  pressure  may  be  measured  with  an  accuracy  within  about  2  pe'-i'e^'* 
of  the  dynamic  pressure*'. 

The  location  of  oriiices  in  the  base  of  *he  vehicle  is  of  parMcu  ar 
interest,  because  of  the  small  possibihtv  of  d.3mage  occurring  to  the  orifices 
during  launch  or  flight.  This  is  especially  true  of  long-range  ballistic  mi.= 
siles  whose  high-speed  re-entry  produces  severe  aerodynamic  heating.  At 
the  time  of  fuzing,  the  speed  of  the  first  generation  IRBM  and  ICBM  vehicle^, 
will  be  subsonic  with  Mach  numbers  between  0.^  to  0.8,  approxirnatelv. 


'The  equivalent  altitude  variation  for  a  given  variation  in  the  dynamic  pressure 
depend^'appx'oxlrnatdly-Dnly  on  the  square  of  the  vehicle  speed,  and  the  altitude 
variation currespon^ng to  a  2  percent  variation  in  the  dynamic  pressure  for  a 
speed  of  JOOO  fps  amounts  to  between  300  and  400  ft. 
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However.  l>ec;uiMe  ihe  .'u  rocivnaintc  healing  problem  oi  mi.Hhii<‘  re- 
eiifrv  has  lurnetl  oul  lo  be  less  sevei’e  than  originally  thought,  fuzing  of  the 
.‘•■•coiul  generation  lilBM  and  ICHM  missiles  will  occur  .-t  nigher  speeds,  prob¬ 
able  at  supersanlc  speeds  below  Mach  tJumlxT  3.  Fuzl.Tg  at  tranf-onic  speeds 
(Mach  numlxtrs  l>eiween  alwut  O.t*  to  1.3)  generally  will  not  occur  due  to  the 
l;Mg<*  \a>  lJitlonH  fd  arnodynamle  forces  occurring  In  fills  speetl  range  lor  small 
var  iations  In  Mach  number.  Based  on  theory  and  exper Imenbal  data,  the  lol- 
louinu  summary  will  Indicate  the  accuracy  that  may  !k>  expected  using  rjrllicf's 
ins'alled  in  the  base  of  missiles. 

The  resul’s  of  measurements  in  wind  tunnels  on  firing  ranges, 
and  in  free-flight  tests  and  the  theory  show  that  base  pressure  valiu-s  depend 
on  the  specific  boundary -layer  conditions  of  the  Ixxly  (ref  21  through  2  )).  Cer 
sequenTly,  the  velocity  and  temperature  profiles  in  the  boundary  layer  m-  •» 
l>e  known  before  the  atmospheric  pressure  car.  be  accurately  c.xpressed  m 
lerms  of  the  base  pressure.  As  is  indicated  by  the  experimental  data  of  ref 
21  22,  23  and  2.'),  for  body  surface  temperatures  between  oO  and  *  400*' F 

and  for  Mach  numbers  up  to  .5,  the  base  pressure  measurement  may  vary  by 
10  percent  upon  changing  the  surface  temperature  by  100*' F  or  upon  changing 
'he  Mach  number  by  0.2.  As  might  have  been  expected,  the  value  of  the  base 
pressure  depends  on  the  body  shape.  However,  the  dependence  of  the  base 
piessure  on  Mach  number  has  been  especially  investigated,  and  it  is  interest¬ 
ing  to  note  that  the  abd'H^  variation  with  Mach  number  has  been  found  lor  a 
number  of  bodies  of  different  shapes.  Accordingly,  when  the  atmospheric 
pressure  determination  depends  on  the  prediction  of  the  vehicle  Mach  number, 
in  order  to  limit  the  error  to  an  equivalent  altitude  error  of  less  than  1000  It, 
'he  missile  velocity  must  be  predicted  with  an  accuracy  within  70  fps. 

In  addition,  according  to  the  wind-tunnel  results  on  the  1/6-scale 
Polaris  missile  of  ref  25,  and  the  l/2-8cale  Polaris  missile  flight  lest  of  ret 
22,  for  Mach  numbers  between  0.7  and  0.9,  the  base  pressure  decreases  with 
increasing  angle  of  incidence  and  the  amount  of  this  reduction  increases  with 
increasing  Mach  number.  At  Mach  numbers  0.7,  0.8  and  0.9,  the  reductions 
in  the  base  pressure  due  to  a  change  in  the  angle  of  incidence  from  0  to  S'”  are 
i,  3  and  5  percent,  respectively.  The  sensitivity  of  the  base  pressure  to  small 
angles  of  attach  appears  to  be  similar  for  the  30 "-included- angle  test  model 
reported  in  ref  23.  According  to  ref  2z,  based  on  existing  flight  and  wind- 
tunnel  data,  it  is  expected  that  the  missile  speed  at  the  fuzing  altitude  can  be 
predicted  with  an  accuracy  within  ±  30  fps  and  the  standard  deviation  in  deter 
mining  altitude  for  the  Polaris  missile  will  be  1000  ft,  even  though  the  military 
chat acteristics  permit  1500  ft. 

Base  pressure  measurements  on  the  NACA  RM  IO  research  lesi 
vehicle  are  described  in  ref  26  at  various  altitudes  for  Mach  numbers  ranging 
between  0.9  to  3.3.  Although  the  instrumentation  did  not  include  an  ac'ua) 
b.zing  system,  the  results  indicate  that  the  atmospheric  p-essure  may  be 
measured  with  an  accuracy  of  3  percent  of  the  dynamic  pressure'.  Of  course, 


"See  foot-note  on  page  12  ,  section  4.1. 
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iKTaubc  of  iJk*  location  of  tin*  orifices  in  the  base  of  tlic  vciiiclc,  tiic  incaMirc 
incnls  uvre  sensitive  to  Mach  numlxrr  ami  atutlc  of  inelticncc  varlatnuis. 
Accordingly,  when  the  Mach  numlx'r  and  the  anjjle  of  Incldt'nce  are  knouii. 
the  corrosjKJndlnK  error  In  altitude  is  less  tluin  900  ft. 

.Since  the  b.a.se  presnurcs  are  d<'p<’ndcnt  on  obtaining  the  corrt'*.  i 
boundary  Layer  profiles  of  vidoclty,  pressure  and  teiniK-ralure,  the  e.\|)ertnu‘nt.al 
siimdation  of  conditions  must  sirnuJato  body  surface  temixjrature,  Macii 

numbe,  .  angle  of  incidence,  i.erodynamic  heating  and  ReynolcLs  number.  At  the 
luzing  aliiiiidc,  the  ReynolcLs  .uimber  ruul  surface  rouglmess  of  a  production-tyjH 
missile  will  insure  the  development  of  a  turbulent  boundary  layer.  Consequi-nth , 
wind-tunnel  and  firing-range  Utsts  must  bo  ix?rformed  to  simulate  these  turbukmt 
boundary-layer  conditions.  For  a  given  Mach  numlwr,  it  a{jpears  that  the  base 
pressure  remains  essentially  constant  with  increcLsing  Rejniolds  numbei  for 
Reynolds  numlx?rs  exceeding  4  million.  Howtjver,  aerodynamic  heating  effects 
and  changes  in  parameters  affecting  the  lx)undary  layer  u1ll  also  tend  to  alter 
the  base  pressure.  Although  the  cependence  of  tlie  base  pressure  on  Mach  num 
ber,  angle  of  incidence,  etc  is  cei*tainly  mdicated  by  wind-tunnel  and  firing- 
range  tests,  as  will  be  discussed  in  section  (5,  only  an  actual  flight  can  produce 
the  correct  boundary  layer  and  the  true  base  pressure  values.  However,  the 
above  data  suggest  that  the  laboratory  and  free-Qight  pressure  data  may  often 
be  brought  into  an  agreement  within  about  10  percent. 

4.  5  Use  of  Barometric  Devices  at  High  Supersonic  and  Hjqjersonic  Speeds 


For  long-range  ballistic  missiles,  the  aerodjTiamic  heating  may  dt^- 
form  the  structure  supporting  the  pressure  orifices  or  cause  ablation  ol  the 
structure.  Although  structural  damage  due  to  aerodjmamic  heating  may  prob¬ 
ably  be  avoided  for  IRBM  missiles,  it  is  anticipated  that  ablation  and  structural 
deformation  will  definitely  occur  for  missiles  of  the  ICBM  class.  The  struc  ¬ 
ture  and  trajectory'  of  the  Polaris  missile  is  such  that  no  structural  deforma¬ 
tion  of  the  volucle  during  flight  is  contemplated  (ref  25).  Aerodynamic  heating 
is  most  extreme  at  the  missile  nose  so  that  structural  deformation  and  ablation 
usually  originate  at  the  forward  part  of  the  body.  The  damage  maj'  spread 
from  the  forward  to  the  aft  sectibns  of  the  vehicle.  This  precludes  the  use  of 
nose  probes  and  orifices  installed  in  the  walls  of  the  vehicle,  except  possibly 
in  the  base.  However,  the  pressures  occurring  at  the  rear  sections  and  at  the 
base  of  the  missile  are  strongly  influenced  by  the  upstream  flow  and  body 
shape  so  that  damage  due  to  aerodymamic  heating  will  generally  influence  the 
pressures  at  the  rear  of  the  body. 

For  all  long-range  missiles  under  current  consideration  and  for 
practically  all.  surface -target  missUes,  the  vehicle  speed  at  fuzing  will  be  less 
tlian  Mach  number  3.  Consequently,  tlie  problem  of  determinbig  atmospheric- 
pressure  for  long-range  missiles  by  means  of  a  pressure-sensing  system  is 
similar  to  that  previously  discussed  with  the  exception  that  the  body  structure 
may  have  undergone  some  deformation  during  flight  and  the  missile  speed  will 
generally  not  be  as  well  knowm.  However,  it  appears  that  for  IRBM  and  ICBM 
veliicles,  the  only  practical  \vny  of  sensing  atmospheric  pressure  is  by  means 
of  body-trailing  probes  with  orifices  in  the  wake  far  enough  downstream  so 
that  the  pressure  becomes  approximately'  equal  to  the  ’mdisturbed  airstream 
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value  (HccHon  4.3)  or  by  inBinlUng  orsliceft  in  ihe  mlnfllle  baae.  The  use  o' 
lx)dy-iralllng  prolx?8  la  undcrHUuuiably  a  much  more  difficult  cnginecrinf;  prob 
lem  than  use  of  base  pressure  profxjs.  lfnv.-evcr,  as  •.vas  discussed  In  section 
•1.4.  tlie  accuracy  of  baue  pressure  measurements  will  lx>  In  doubt  In.sofar  as 
they  are  sensitive  to  charges  o«*curring  in  the  boundary  layer  of  Uie  missile. 
Accordingly,  errors  in  the  detormlnatlon  of  atmospheric  pressure  by  means 
of  base  pressures  will  result  due  to  changes  in  the  IxxJy  shape,  errors  in  the 
estimation  of  tho  Mach  number,  lx)dy  surface  temperature,  etc  at  Uie  fu/Jng 
altitude. 


Some  \\1nd-timnel  ojtd  flight  tests  have  been  made  to  predict  the 
ablation  and  structural  deformation  of  missile  shapes  in  flight.  It  Is  con¬ 
ceivable  that  such  tests  will  load  to  resolving  some  of  the  uncertainty  in  the 
accuracy  of  base  pressure  measurements  to  determine  altitude  for  ICBM 
vehicles. 

5.  THE  BAJ^O-SWITCH  ELEMENT 


The  behavior  and  detailed  testing  procedures  of  a  number  of  barometric 
switch  elements  are  reported  In  ref  27,  28,  and  29.  These  elements  are  In¬ 
tended  for  use  in  arming  and  fuzing  devices  for  altitudes  up  to  100,000  ft.  Of 
course,  the  design  of  a  switch  depe.nds  on  the  conditions  u.nder  which  it  is  te 
operate.  Although  the  altitude  and  the  operational  use  will  affect  the  design 
of  the  instrument,  the  parameters  which  affect  performance  will  be  essential Iv 
similar  for  all  switches.  Accordingly,  the  description  of  the  parameters 
that  affect  performance  will  be  limited  to  a  single  switch,  that  of  the  MC-t 
instrument  of  the  Sandia  Corporation.  The  ejqperimental  results  indicate  that 
a  baro-swltch  can  be  designed  with  high  precision  for  practically  any  condition 
of  altitude  and  missile  speed  and  contributes  one  of  the  smallest  errors  in  the 
determination  of  altitude. 

Primarily,  the  operation  of  a  baro-s witch  is  sensitive  to  temperature, 
pressure  and  mechanical  vibration.  In  addition,  errors  in  the  instrument  may 
result  because  of  variations  in  the  pressure,  ijistrumental  repeatability,  pres¬ 
sure  rate  sensitivity,  remote- setting  of  the  mechanism,  and  due  to  storage. 
A'^cordlng  to  ref  27,  it  is  probable  that  baro-switches  can  be  made  insensitive 
to  temperature  and  the  operational  standard  deviation  will  then  be  reduced  to 
100  ft  or  less. 

As  described  in  ref  27,  the  MC-5  remote- setting  baro-switcb  assembly 
consists  of  four  meclmiiically  ganged  aneroid- diaphragm  assemblies,  each 
coni.aintag  its  own  seal-in  switch  contact.  The  four  diaphragm  assemblies  an' 
mounted  in  a  single  case  of  ^proximately  12  x  14  x  3  in.  and  weigh  approxi¬ 
mately  14  1/2  lb.  A  26-volt  400-cps  a-c  positioning  motor  provides  tor  ebang 
ing  of  altitude  settings  of  the  firing  point  until  the  time  the  weapon  is  released. 
Each  of  the  aneroid-diaphragm  assemblies  is  evacuated  to  a  pressure  of  approx  ¬ 
imately  20  mm  of  Hg  and  the  entire  MC-5  case  is  pressure-sealed  to  minimue 
leakage . 
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T!'.(?  n*:*'*U,s  of  the  ie«trt  on  the  MC-Ti  baro-8w1tch  to  tfetermiiie  the 
Honittlvity  of  llwi  oj>oraiton  of  iljc  tievtcc  to  the  al>ovo  puran\eU’rs  aix’  ^jtven 
in  ref  27.  The  .su'ltcl>e.s  won  tested  at  amJjleni  tcm{x:ratures  oi  0,  77  and 
120‘  F  and  prossurc-aJtitude  settings  corresfXJiullng  to  sen  level,  2000,  5000. 
10,000  and  14,000  ft.  In  addition,  a  few  te.sts  uvre  conducted  at  -90*1*  to 
determine  the  low-tcmp<'ratuiv  njK'niblHty. 

LXjfinlng  tiic  pressure  sensitivity  as  the  minimum  chajige  In  pressure 
that  will  cause  the  switch  contacts  to  oi>on  If  they  are  closed  or  to  close  if 
thev  arc  open,  for  altitudes  between  sea  level  tuul  10,000  ft  and  in  the  iilj- 
senco  of  all  otl'.er  effects,  it  Is  claimed  that  the  MC-5  switch  will  operate 
at  any  specified  temperature  with  a  standard  deviation  of  less  than  al)out 
50  ft. 


When  no  <^orr^ction  is  made  for  tlie  baro-switch  temperature,  tlie  op¬ 
erational  standard  deviation  is  approximately  70  ft  for  the  altitudes  from 
sea  level  to  10.  000  ft;  the  standard  deviation  increases  to  100  ft  w-hen  the 
altitude  range  Is  increased  from  sea  level  to  18,  000  ft. 

The  standard  deviation  of  the  repeatability  of  the  MC-5  baro-switch 
under  a  given  condition  is  approximately  10  ft  for  pressure  altitudes  in  the 
range  sea  level  to  18,  000  ft  and  temperatures  between  0  and  120"^. 

Pressure-rate  sensitivity  signifies  the  variation  in  the  switch  opera¬ 
tion  under  various  rates  of  change  of  pressure.  Pressure-rate  sensitivity 
is  a  measure  of  the  djaiamic  response  in  contrast  to  the  static  parameters 
discussed  above.  To  determine  the  effect  of  this  parameter  on  the  switch 
operation,  diving  tests  simulating  the  changes  in  pressure  occurring  in 
flight  are  carried  out  in  environmental  chambers.  The  standard  deviation 
in  the  error  due  to  pressure-rate  sensitivity  for  a  barometric  switch  is 
estimated  in  ref  27  to  be  about  50  ft,  which  is  in  agreement  with  the  ex¬ 
perimental  teste  described  in  ref  28. 

No  variation  in  the  operation  of  the  switch  is  expected  because  of 
storage,  but  the  standard  deviation  in  the  error  due  to  the  rem.ote  setting 
of  the  switch  is  estimated  to  be  about  50  ft. 

The  effect  of  mechanical  vibration  on  the  switch  contacts  and  dia¬ 
phragm  assem±)lies  is  to  cause  early  closure  of  the  contacts  and  thereby 
cause  early  functioning.  The  MC-5  switch  is  therefore  moimted  on  a 
support  which  isolates  it  from  vibrations  to  which  it  is  sensitive.  The 
standard  deviation  in  the  operation  of  the  MC-5  baro-switch  due  to 
mechanical  vibration  effects  is  estimated  to  be  about  50  ft. 

Forming  the  rms  of  the  above  standard  deviations,  the  over-ail 
stotfdard  deviation  for  the  MC-5  switch  is  110  ft. 

The  reliability  of  the  MC-5  baro-s\sitch  is  based  on  experimental 
test  results  (including  drop-test  data)  and  from  receiving  inspection  test 
data.  Accordingly,  the  dud  probability  is  estimated  to  be  1/5000  and  the 
probability  of  a  premature  operation  is  estimated  ?s  1/  10,000. 
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G .  WIND-TUNNEL  AND  lAROlUTORY  MMUm  iQN  OF  F LIGHT  CON PmONS 

It  wufi  noted  In  the  preceding  sections  that  the  labonitory  simulation  of  flight 
conditions  generally  precedes  tlio  flight-test  evaluation  of  barometric  devices. 

The  vaduc  of  wlnd-tumiel  tests  Is  prlmarilj  to  aid  In  determining  the  location  of 
the  pitjssurc  orlflccp  on  tlic  body  contour  cr  in  designing  the  pressure  probes  so 
that  the  orifice  pressure  will  be  uniquely  related  to  the  undisturbed  ambient.  In 
addition,  the  wind-tunnel  results  udll  give  an  approximate  relation  between  t)ie 
pressures  at  the  orifice  and  the  undisturbed  nlrstroam.  The  application  of  this 
relation  to  flight  conditions  is  based  on  the  large  amount  of  wind-tunnel  and  flight  • 
tost  data  that  have  been  previously  correlated  for  bodies  of  similar  aerodynamic 
shape. 

However,  tlio  wind  tunnel  con  only  simulate  steady-state  conditions  so 
that  the  performance  of  a  barometric  device  under  the  dynamic  conditions 
occurring  in  flighc  and  the  sensitivity  of  the  baro-swltch  to  such  factors  as 
the  rate  of  change  of  atmospheric  pressure  and  mechanical  vibration  cannot 
be  evaluated.  Accordingly,  environmental  chambers  in  which  the  temperature 
and  pressure  can  be  rapidly  changed  and  the  instrument  mechanically  vibrated 
are  used  to  evaluate  the  dynamic  response  of  the  system.  Thus,  the  laboratory 
evaluation  of  a  barometric  device  consists  of  two  parts:  (1)  the  wind-tunnel  tests; 
and  (2)  the  environmental  chamber  tests,  which  are  used  to  determine  the  dj"- 
nomlc  response  of  the  baro-8v.dtch  when  the  instrument  is  subjected  to  the  en¬ 
vironmental  conditions  that  are  e;q)ected  to  occur  in  flight.  The  following  dis¬ 
cussion  will  indicate  the  validity  of  the  laboratory  simulation  of  flight  conditions 
in  evaluating  the  performance  of  a  barometric  device. 

The  wlnd-turuiel  simulation  of  flight  conditions  is  predicated  on  the  simu¬ 
lation  of  the  two  nondlmenslonal  parameters,  Reynolds  number  and  Mach  number. 
Simultarieous  simulation  of  the  flight  Mach  number  and  crossflow  Reynolds  num¬ 
ber  on  a  nose-tjpe  probe  is  possible  in  a  wind  tunnel  by  varying  the  angle  Of  inci¬ 
dence  of  the  probe,.  The  effects  of  Mach  number  are  small  or  insignificant' for 
probes  and  consequently  the  wind-tunnel  simulation  can  be  simplified  by  simulat-- 
ing  the  crossflow  Rejmolds  number  through  the  entire  range  at  merely  two  or 
throe  different  Mach  numbers  representative  of  the  Mach-number  ranjje. 

This  procedure  is  not  possible  for  orifices  located  on  the  vehicle  itself. 
Although  the  cross'flow  Rejmolds  number  and  Mach  number  primarily  govern 
the  radial  pressure  distribution  for  nose-type  probes,  the  effects  of  aero- 
djmamic  heating,  surface  temperatures,  surface  roughness  and  other  param¬ 
eters  that  influence  the  bound^y  layer  will  alter  the  pressure  distribution  on 
the  body.  The  effect  of  these  additional  boundar5’’-layer  parameters  on  the 
pressure  distribution  depends  on  the  body  itself  and  the  position  on  the  body 
which  is  being  observed.  The  boundary -layer  parameters  are  not  generally 
simulated  because  it  is  not  possible  to  simultaneously  simulate  actual  am¬ 
bient  density,  temperature,  and  pressure  as  well  as  the  actual  missile  speed 
occurring  in  flight.  This  is  due  to  the  fact  that  the  stagnation  conditions  ot  ihe 
air  for  the  usual  supersonic  tunnel  will  be  approximately  equal  to  the  sea-level 
atmospheric  conditions*.  For  example,  the  simulation  of  sea-level  ambient 


’•'That  is,  when  the  air  Ims  zero  velocity^  the  wind-tunnel  density,  temperature 
and  pressure  are  the  same  as  that  of  the  surrounding  atmosphere. 
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at  .N!ach  numlxTa  2.  ancJ  I  vu>u!<l  tvquir**  a  varUI>le“«k?nsjiy  si!|kt- 
Honic  u'tinl  lujux'l  with  stajjnailon  (Ictwitli'-H  of  -J.  i,  13.2  asal  nr>  .ntmospheit'x, 
rosjx'cllvely.  Tlie  .simulation  of  an  amljlcnt  tc‘mj>eratiir<r  of  GO'I*  at  .Mach 
ruiml)or.s  2,  .'1  .'uttl  •}  uould  rcquiiv  .stai^natlon  tcm|x.M’atuix?.s  of  •{T.'i,  1000  and 
1,720*1',  rt'.s|X‘cilvcly. 

riu  ro  arc,  ho\«;ver,  a  limltctl  nuinl>er  of  vari.ablc  atmo.sphiM  ic  wind 
which  extend  the  .simulation  of  atm<)S|)horic  conditions  to  a  ranjtc  of 
altitudes  as  well  ru>  simultaneous  simulation  of  the  crossflow  Itcynold.^^  num- 
l)ei  and  Mach  number.  The  small  numljcr  of  varialile  atmospheric  tunnels 
availaJdc  j;enerally  makes  it  necessary  to  test  in  the  nonvarialile  atmospheric 
uind-Uinnel  facilities.  Accordinj;ly,  the  evaluation  of  sUitic  pressure  probes 
and  body  orifice  locations  are  obtained  from  e.xfKjri mental  tunnel  (Lata  with 
sea-level  atmospheric  sta^atlon  conditions,  ^me  indication  of  the  differ¬ 
ence  between  the  wind-tunnel  and  flight  values  of  the  density,  temperature 
and  pressure  maybe  seen  as  follows.  Consider,  for  example,  a  stagnation 
density'  of  0.00238  slug/ft^  (the  value  at  sea  level)  and  a  sLagnation  temper¬ 
ature  of  100°F.  At  Mach  numbers  2  and  3  the  static  density  and  temperature 
in  the  wand  tunnei  w’ould  be  about  0.000547  and  0.000181  slug/ft^  and  -149  luui 
-2G0'’F,  respectively.  The  above  densities  occur  during  flight  at  altitudes  of 
.aliout  41,000  and  64,000  ft,  respectively,  w'hereas  for  aJtitudes  up  to  75  miles 
the  minimum  ambient  temperature  is  only'  about  70°F.  The  corresponding 
wand-tujmel  static  pressures  for  Mach  numbers  2  and  3  are  1.70  and  C.431 
psi,  and  would  occur  at  altitudes  of  about  50,000  and  79,  000  ft.  Moreover, 
for  the  above  stagnation  conditions,  the  tunnel  w'ind  speeds  at  Mach  numbers 
2  and  3  wx)uld  be  only  1730  and  2080  fps.  Even  at  Mach  number  infinity,  be¬ 
cause  of  the  temperature  reduction,  the  tunnel  wind  speed  would  be  oiUy 
2600  fps. 

The  preceding  example  show's  that  much  smaller  values  of  the  density, 
temperature,  pressure  and  wind  speed  are  obtained  in  a  w'ind  tunnel  th.an 
those  occurring  in  flight.  This  affects  the  application  of  wind-tunnel  data 
to  flight  conditions.  As  was  noted  in  section  4,  for  nose  pressure  probes, 
tlie  difference  between  the  tme  and  measured  values  of  the  ambient  pressure 
may  be  expressed  by  the  product  of  the  pressure  coefficient  error  and  the 
dy'namic  pressure  of  the  incident  v/ind.  For  nose  probes,  the  pressure  co¬ 
efficient  error  was  noted  to  be  essentially'  a  function  of  the  crossflow  Reynolds 
number  and  may  be  simulated  in  the  w'ind  tunnel  at  various  Mach  numbers. 

However,  due  to  the  reduced  values  of  the  density  and  wind  speed,  the  tunnel 
dy  namic  pressure  of  the  incident  wind  will  be  less  than  that  occurring  in  flight. 

For  example,  the  dynamic  pressure  for  an  altitude  of  10,  000  ft  and  at  Mach 
numbers  2  and  3  amounts  to  28. 2  and  63.  2  ns.^  w'hereas  the  wmd  tunnel  dy¬ 
namic  pressures  based  on  sea-level  atmospheric  stagnation  conditions  a.re 
only  5.70  and  2.72  psi,  respectively.  As  a  matter  of  fact,  the  dynamic  pres  ¬ 
sure  for  flight  at  any  altitucie  increases  as  the^{juare  of  the  Mach  number, 
vvhereas  the  dy'namio  pressure  in  the  wind  tunnel  attains  a  maximum  value  at 
Mach  number  V  2  and  then  decreases  asymptotically  tow'ard  zero  with  in- 
eieasing  IVIach  number.  Hence,  for  the  same  pressure  coeffieient  error,  the 
clifferenee  between  the  measured  and  true  pressures  occurring  in  flight  is 
larger  tlian  that  occurring  in  the  wdnd  tunnel  by'  the  value  of  the  ratio  of  their 
respective  dynamic  pressures.  For  the  above  example,  at  Mach  numbers  2 
and  3  the  differences  occurring  in  flight  are  larger  than  for  the  wind  tunned 
by  factors  of  4.95  and  23.2,  respestivelv, 
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As  WTLS  prevlOLUly  noted,  bascft  <  n  «i;ignation  conditions,  tho  wind-iuiuK*! 
static  pressures  at  Mach  numl)crK  2  and  3  are  1.70  and  0.431  p.si.  At  an 
.altitude  of  10,000  ft,  tlie  ambient  pressure  Is  10. 1  psl.  Since  the  cro.ssflow 
Rcjoiolds  number  for  the  \dnd-tunnei  and  illght  conditions  m.ay  be  assumed 
equal,  the  pressure  coefficient  error  of  a  nose  probe  may  .also  Ik*  a.ssumed 
to  l)c  Uie  same;  It.s  v.alue  will  be  denoted  by  0.016.  Then,  for  .M.ach  numbers 
2  and  3,  the  percent  static  pressure  errors  measured  in  the  wind  tunnel  would 
bo  3.366  and  6.306,  and  the  percent  ambient  pressure  errors  in  flight  \wuld 
bo  2.  796  and  6.  266.  Thus,  for  tlie  same  pressure  coefficient  error,  the  per¬ 
cent  static  pressure  errors  obtained  in  the  wind  tunnel  will  bo  comparaljle  to 
the  percent  ambient  pressure  errors  obtained  in  Qight.  The  comparisons  will 
also  be  similar  for  otlier  altitudes  and  Mach  numbers. 

The  steady-state  temperature  of  the  probe  in  a  wind  hmnol  will  have  a 
value  slightly  less  than  the  stagnation  temperature;  therefore,  it  will  have  a 
value  slightly  less  than  the  sea-level  atr lospheric  temperature.  The  atmos¬ 
pheric  temperatures  will  be  much  lower  iiian  the  steady-state  body  tempera¬ 
tures  occurring  in  fllglit.  For  exan^le,  for  an  altitude  of  10, 000  ft  at  Mach 
numbers  2,  3  and  4,  the  steady-state  flight  temperatures  of  the  probe  wxiuld 
be  370,  805  and  1415"F,  respectively.  Since  the  heat  capacity  of  the  probe  is 
small,  the  probe  will  rapidly  approach  steady-state  values,  especially  at  low 
altitudes  where  the  aerodynamic  heating  is  highest.  Thus,  the  wind-tunnel 
surface  temperatures  of  the  probe  or  vehicle  will  be  much  lower  than  those 
occurring  in  flight.  Precautions  must  be  taken  in  the  design  and  calibration 
of  the  probe  or  in  the  determination  of  the  body  orifice  location  so  that  the 
pressure-gage  reading  will  not  be  affected  by  temperature  variations.  In 
particular,  special  precaution  must  be  taken  for  the  free-swiveling-tji^ie 
probe  so  that  the  expansion  due  to  aerodjoiamic  heating  will  not  cause  the 
swivel  joint  to  stick. 

As  indicated  earlier,  the  performaiice  of  the  baro-switch  itself  may  be 
evaluated  in  the  laboratory  by  means  of  environmental  chambers.  An  environ¬ 
mental  chamber  is  essentially  a  chamber  in  which  the  baro-switch  can  be 
mechanically  vibrated  while  simultaneously  subjected  to  varjing  temperatures 
and  pressures.  Assuming  the  trajectory  of  the  vehicle  and  the  approximate 
relation  between  the  orifice  and  atmospheric  pressures  are  known,  the  pres  ¬ 
sure  and  temperature  within  the  chamber  is  varied  as  a  function  of  time  to 
simulate  the  conditions  that  the  baro-s\vitch  would  encounter  during  flight. 

As  is  clear,  this  procedure  evaluates  only  the  djoiamic  response  of  the  barc> 
switch  and  errors  in  the  dynamic  response  of  the  instrument  ajre  in  addition 
to  those  occurring  in  the  relation  between  the  orifice  and  atmospheric  pressures. 

The  environmental  chamber  is  used  to  perform  dive  tests,  which  are 
provided  to  simulate  the  flight  conditions  that  would  be  experienced  by  a  ban.  - 
switch  on  a  descending  vehicle  such  as  a  surface-target  weapon  (ref  30,  3:i). 

The  dive  tests  attempt  to  (tetermine  the  accuracy  of  the  baro-switch  by  setting 
the  instrument  to  fire  at  a  preset  altitude  and  evaluate  the  periormance  of  the 
instrument  on  tlie  basis  of  the  difference  between  Uio  pr-esei  and  dive  pressures. 
Tills  pressure  difference  is  expressed  in  terms  of  equivalent  altitude  error,  as 
determined  from  the  standard  va:riaticn  of  pressuia?  with  altitude. 
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Tin;  b.'in/-t5\v»ich  mny  be  made  in.soiisltivc  to  the  mecliauical  vibrations 
occurring:  in  flifclit  b\  ilosigninit  llie  iasirumem  support  system  to  transmit 
only  tiiose  frequtiicies  which  liave  little  eflecl  on  the  switch  response.  The 
desijtn  of  such  a  supjKjrt  system  can  be  .iccomplishe<i  by  laboratory  testinp 
of  mechanical  vibration  wllliout  direct  reference  to  the  actual  vibrations 
oecnrrini;  in  flijtht. 

hi  aciditiea'.,  tests  arc  pertormod  to  insure  the  rcpcataljility  of  closure 
of  the  switch  to  simulate  storage  conditions.  Thus,  various  tests  are  per¬ 
formed  in  wliich  Mic  temperatures  ruid  pressures  are  cyclically  varied  be¬ 
tween  about  -05  to  105®?  and  betwx.'on  aJjout  i  20  percent  of  sea-level  atmos¬ 
pheric  pressure.  .Additional  studies  are  porfomicd  in  the  laboratory  to 
insure  a  unique  response  of  the  diaphragm  in  terms  of  load  versus  deflection. 
Air  Ictikage  into  the  cell  may  affect  the  load-versus-deQection  response  of 
the  diaphragm  as  well  as  alter  the  breakdown  voltage  at  which  th.c  switch 
opens  or  closes. 

The  above  and  other  laboratory  tests  evaluate  the  instrum.enl  prior  to 
testing  in  flight.  Thus,  tlie  design  of  a  baro-switch  is  intimately  associated 
with  the  performance  of  a  number  of  laboratory  tests  and  checkout  pro¬ 
cedures.  The  laboratory  tests  of  a  baro-switch  are  extensive  and  a  close 
correlation  exists  with  flight  performance. 

On  the  basis  of  the  foregoing  discussion,  it  appears  that  wiien  pressure 
probes  are  used  and  are  located  away  from  the  pressure  disturbance  caused 
by  the  moving  vehicle,  the  probes  will  permit  an  accui'ate  measure  of  the 
atmospheric  pressure.  Such  probes  have  been  evaluated  for  all  speeds  up 
to  at  least  Mach  number  5  and  are  applicable  for  use  on  practically  any 
w'eapon.  New  designs  of  pressure  probes  may  be  evolved  from  those  already 
proved  a::d  by  additional  wind-tunnel  tests.  \^en  the  orifices  must  be  lo¬ 
cated  in  a  region  where  the  pressures  are  altered  by  the  moving  vehicle, 
such  as  on  the  body  contour  itself,  wind-tunnel  tests  will  help  in  determining 
a  proper  location  for  the  orifices  and  suggest  an  approximate  relation  be- 
Uveen  the  orifice  and  undisturbed  free-stream  pressures.  The  laboratory 
evaluation  of  the  baro-switch  appears  to  agree  closely  with  flight  test  results. 

7.  METEOROLOGIC  EFFECTS  ON  ALTITUDE  DETERMINATION 


The  pressure  setting  of  a  barometric  device  will  depend  largely  on  its 
use.  A  discussion  of  the  military  characteristics  of  the  various  barometric 
devices  ^vould  be  very  complex  and  involved.  However,  it  spears  that  the  basi 
of  pressure  predictions  will  generally  be  limited  in  practice  to  the  following 
circumstances:  (1)  for  a  given  geographical  area,  the  barometric  device  will 
be  set  at  the  average  monthly  or  seasonal  value  of  the  atmospheric  pressure 
corresponding  to  the  required  altitude,  and/or  (2)  on  a  given  day  or  for  several 
days  prior  to  the  use  of  the  barometric  device,  pressure  data  will  be  available 
at  one  or  more  stations  at  groimd  level  and  possibly  as  a  function  of  altilnide 
for  altitudes  extending  up  to  75,  000  ft. 
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Hfisctl  on  this  Information,  it  Is  rt  <juire<!  to  pt'^  diet  the  pressure  at  a 
I'iven  altitude  over  a  target  for  wJUch  the  prossurt  s  are  not  known.  A  »  velll 
be  shown  IxsJow,  the  equivalent  .altitude  ormr  In  the  prediction  of  the  .itino.s- 
pllDric  pressure  is  generally  sm.allor  thai  the  error.s  in  the  barometric  device 
itself. 


Radiosonde  wt'atlu'r  dat.a  recorded  by  means 'd  balloi-rris  intern;ition- 
ally  made  available  twice  daily  for  altitudes  up  to  7  >,  000  ft.  In  general,  the 
avenage  atmospheric  pressure  at  a  given  altitude  depends  primarily  on  the 
time  of  year  and  latitude.  Figures  1  and  2  (photographic  copies  of  Figures 
18  and  19  of  rei  32)  show  the  annual  average  standard  deviations  of  inter- 
diurnal  pressure'*'  and  the  daily  pressure  variations  in  North  America  as 
functions  of  altitude  and  latitude.  As  mii5'  be  seen  from  these  .lata,  the 
standard  deviations  of  the  two  figures  are  approximately  the  s.ime  and  in 
each  case  the  pressure  variations  increase  with  increasing  diotance  from 
the  equator.  In  order  to  express  the  variation  of  pressure  in  terms  of 
altitude,  a  1-percent  variation  of  pressure  is  equivalent  to  an  altitude  vari¬ 
ation  of  200  ft  at  an  altitude  of  35,000  ft  and  increases  linearly  to  about 
300  ft  at  sea  level. 

According  to  ref  33,  based  on  the  studies  and  targets  selected  by  the 
Air  Weather  Service  and  the  Global  Weather  Conti*ol  of  SAC,  the  largest 
standard  deviation  occurs  in  January  and  is  about  450  ft  for  5  percent  of  the 
targets  and  is  leas  than  335  ft  for  75  percent  of  the  targets.  T’-velve-hour, 
twenty-four  hour  and  interdiurnal  forecasts  of  ch.anges  in  v.'eather  ma-ps  by 
experienced  climatologists  indicate  that  the  standard  deviations  in  the  pres¬ 
sure  during  January  correspond  to  altitude  variations  of  150,  225  and  350  ft, 
respectively.  The  standard  deviations  for  all  other  times  of  the  year  were  note  1 
correepondto  between  one -half  to  the  lull  amount  of  the  altitude  variations 
givxm  above,  the  deviations  generally  increasing  from  the  minimum  values 
in  July  to  the  maximum  values  in  January.  Thus,  the  standaJrd  deviation  of 
the  error  in  the  pressure  prediction  will  be  about  1  percent  of  the  atmospheric 
pressure,  and  accordingly  will  generally  be  smaller  than  the  ei’ror  in  the  in¬ 
strumental  pressure  determination  (section  4). 

It  is  interesting  to  note  that  a  correlation  exists  between ^atmo spheric 
temperatures  and  pressures,  particularly  in  thf-  altitude  interval  fro^^  8  000  to 
30,  000  ft  (ref  34).  For  these  altitudes,  consideration  (Hf.  rffmosplTeric  tempera¬ 
tures  Avlll  tend  to  Increase  the  accuracy  to  which  pressure  predictions  may  be 
made. 


8,  SUMMARY 

The  problems  involved  m  the  design  and  the  parameters  affecting  the 
performance  of  a  barometric  device  have  been  described.  In  addition, 
specific  barometric  systems  have  been  described  tor  subsonic  and  super¬ 
sonic  speeds,  for  altitudes  up  to  100,000  ft.  The  errors  in  the  measurement 
of  atmospheric  pressure  consist  essentially  of  those  due  to  the  baro-switch 

An  interdiurnal  variation  is  defined  as  the  rms  difference  between  the 
pressures  at  tlie  beginning  imd  end  of  a  24-hr  period.  Accordingly,  an 
interdiurnai,  forecast  is  a  predl<*tion  that  the  present  pressure  will  last 
24  hr  in  the  future. 
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Fio.  I  Atnwphw  croM  lecUon  giving  annaal  *^ge  Fio.  2  Atmctphtric  cnm  aection  giving  annual  average 
aundard  devuMion  of  in^iumal  prssure  change  in  North  ataadard  deviation  of  daily  preeaure  in  North  Am«ia  in  relation 
America  is  relation  to  latitude  and  elevation.  Solid  cunrea  indl-  to  latit  ide  and  elevation.  Solid  curvea  Indicate  equal  itandard 
cate  eaual  interdiunal  change  in  millibare.  Daahed  curvea  are  deviation  in  millibara.  Daahed  curvea  are  aaea  of  maaimum 
axM  of  maximum  .»  erdiumal  change,  cotialdcred  with  reapect  atandard  deviation,  conaidered  with  respect  to  latitude  or  eleva¬ 
te  latitude  or  elevaiiun.  tion. 


(Source; 'Ref  52) 
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Tho  ojxjratloiud  stantLird  tJevhition  of  flight  tested  hraT)-su1tchcs  arc  approxi- 
rnatul)  100  ft.  It  \s-a«  seen  that  Ujc  accuracy  of  measuring  atmospheric  pres¬ 
sure  ’^Tis  very  largely  a  function  of  the  location  of  the  orifices  witli  iY*spcct  to 
(he,  moving  vehicle.  Accordingly,  Uu  standxirrl  deviation  in  the  error  relating 
the  orifice  prossuro  to  tlu;  uiulislurixMl  ambit'iU  prc.ssurc  may  bo  as  small  as 
200  ft  or  larger  than  .'1000  ft. 

The  error  In  the  altitude  deU* rmination  consists  of  the  errors  in  the 
mopsurement  of  atmospheric  pressure  in  addition  to  tlie  error  in  the  pressure- 
altitude  prediction.  The  maximum  sbuidard  deviation  in  the  oi’cssurc-altitudc 
prediction  occurs  for  the  month  of  Jmiuar}'  iuid  will  have  a  vclue  between  ap¬ 
proximately  300  and  400  ft;  the  standard  deviation  gradually  decreases  to  a 
mirdmum  equal  to  about  halt  this  value  for  July.  Generally,  the  error  in  the 
altitude  determiiuifclon  by  barometric  devices  occurs  primarily  in  the  relation 
between  tlic  orifice  and  undisturbed  atmospheric  pressures. 
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